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For  fu ture  high  tem per a ture  re ac tor  pro jects,  e.  g., for elec  tric  ity pro  duc  tion or nu  clear pro  -
cess heat ap  pli  ca tions, the steam gen  er  a  tor is a cru  cial com  po  nent. A typ  i  cal de sign is a he li  cal
coil steam gen er a tor con sist ing of sev eral tubes con nected in par al lel form ing cyl in ders of dif -
fer  ent di  am  e  ters. This type of steam gen  er  a  tor was a sig  nif  i  cant com  po  nent used at the tho  -
rium high tem  per  a  ture re  ac  tor. In the work pre  sented the tem  per  a  ture pro  file is be  ing an  a  -
lyzed by the nodal ther mal hy drau lics code TRACE for the tho rium high tem per a ture re ac tor
steam gen  er  a  tor. The in  flu  ence of the nodalization is be  ing in  ves  ti  gated within the scope of
this study and com  pared to ex  per  i  men  tal re  sults from the past. The re  sults of the stan  dard
TRACE code are com  pared to re  sults us  ing a mod  i  fied Nusselt num  ber for the pri  mary side.
The im  ple  mented heat trans  fer cor  re  la  tion was de  vel  oped within the past Ger  man HTR pro  -
gram. This study shows that both TRACE ver sions are sta ble and pro vides a dis cus sion of the
nodalization  re quire ments.
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IN TRO DUC TION
The high tem per a ture re ac tor (HTR) is a vi a ble op -
tion  for  elec tric ity  pro duc tion  (e. g., SMR) or even more
im por tant  for  pro cess  heat  gen er a tion.  He lium  out let
tem  per  a  tures of 750-850 °C en  able the HTR to cap  ture
an im  por  tant share of the pro  cess heat mar  ket. Thus, the
steam gen er a tor (SG) is a key com po nent. West ing house
Elec  tric Ger  many GmbH is the le  gal suc  ces  sor of the
com  pany HRB (Hochtemperatur-Reaktorbau GmbH)
which gen  er  ated HTR know-how. Since the com  mis  -
sion ing  of  the  tho rium  high  tem per a ture  re ac tor
(THTR-300) re  quire  ments for codes and tech  niques
changed. The mod  el  ing of com  po  nents, e. g., the steam
gen  er  a  tor, with nodal ther  mal-hy  drau  lic codes is one as  -
pect of this up  date.
West ing house Elec tric Ger many GmbH is one of 
the  Ger man  par tic i pants  of  the  code  ap pli ca tion  and
main  te  nance pro  gram (CAMP) of the United States
Nu clear  Reg u la tory  Com mis sion  (U.S.  N.R.C).  The
pur pose of this pro gram is the val i da tion and qual i fi ca -
tion of sys  tem codes, e. g., TRACE (TRAC/RELAP
Ad  vanced Com  pu  ta  tional En  gine) [1] which is still
un der  de vel op ment.
TRACE has been de  signed to per  form best-es  ti  -
mate  anal y ses  of  loss-of-cool ant  ac ci dents  (LOCA),
op er a tional  tran sients,  and  other  ac ci dent  sce nar ios  in
pres sur ized  light-wa ter  re ac tors  (PWR)  and  boil ing
light-wa ter  re ac tors  (BWR)  [2].  The  ad ap ta tion  of
TRACE for steam gen  er  a  tors of high tem  per  a  ture re  -
ac tors is done in the frame of this study fol low ing these 
steps:
– anal y sis  of  ther mal-dy nam ics,
– mod el ing  of  ge om e try,  and
– val i da tion  by  ex per i men tal  re sults
For val  i  da  tion, the re  sults are com  pared to ex  -
per  i  men  tal data of the THTR-300 steam gen  er  a  tor. 
  Tho rium  high  tem per a ture  re ac tor
In 1971 the THTR-300 was built by BBC/HRB
(Brown, Boveri & Cie AG/ Hochtemperatur-Reaktorbau 
GmbH) in Hamm-Uentrop/ Ger  many. West  ing  house
Elec tric Ger many GmbH is one of the le gal suc ces sors of 
the for  mer Ger  man HTR com  pa  nies and it main  tains the
knowl edge  and  ex pe ri ence  of  this  tech nol ogy.
The  THTR-300  core out  let tem  per  a  ture was
750 °C. The ther  mal power of 750 MW was trans  -
ferred to the sec  ond  ary cir  cuit by six he  li  cal tube type
heat exchangers which were ar  ranged an  nu  lar around
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*  Cor re spond ing au thor;  e-mail:  eschm@west ing house.comthe re  ac  tor core. The elec  tri  cal power was 308 MW.
The THTR-300 was op er ated for 5 years and then shut
down  and  de com mis sioned  for  po lit i cal  rea sons  [3].
The THTR-300 tech  nol  ogy was qual  i  fied by a wide
R&D pro  gram. The op  er  a  tion of the THTR-300
proved that a com  mer  cial ap  pli  ca  tion of this tech  nol  -
ogy  rep re sents  no  tech no log i cal  risk  for  the  po ten tial
cus  tomer. A cutaway view of the THTR-300 is shown
in fig. 1.
He lium  flow
The cold he lium en ters the re ac tor core at the top, 
passes through the peb  ble bed and leaves it at the bot  -
tom through var  i  ous chan  nels in the bot  tom re  flec  tor
to the bot  tom of the steam gen  er  a  tors. The flow di  rec  -
tion within the steam gen  er  a  tors is from the bot  tom to
the top. On the way the he  lium passes the he  lix type
tubes of reheater (RH) and the two high pres  sure bun  -
dles (HP) which con  sist of super-heater (SH), evap  o  -
ra  tor (EVAP), and economizer (ECO). 
At the top of the steam gen er a tor the he lium flow 
en ters  the  steam  gen er a tor  an nu lus  by  a  u-turn, flows
through the blower and then out  side the liner to the
bot  tom of the steam gen  er  a  tor. There it en  ters the bot  -
tom of the re  ac  tor an  nu  lus and flows out  side the
graph ite re flec tor to the top where it en ters the core re -
gion again.
Steam  gen er a tor  de sign
The he li cal coil tube type steam gen er a tors of the 
THTR-300 con sist of a shell and three tube bun dles in -
side. The small bun dle on the bot  tom of the SG, which
is shown in fig. 2 is the re  heat sec  tion bun  dle. In this
study, the fo cus is on the high pres  sure sec  tion and the
re heat sec tion will not be con sid ered. Due to man u fac -
tur  ing rea  sons, there ex  ist two high pres  sure bun  dles
above the RH-sec  tion which in  clude SH, EVAP, and
ECO. The he  li  cal tubes of the ther  mal ex  pan  sion
modulus are lo  cated on top of the steam gen  er  a  tor. 
The  ther  mal power of one steam gen  er  a  tor is
128 MW, whereby the two high pres  sure bun  dles
trans  fer 111 MW and the RH bun  dle trans  fers 17 MW
(de  sign data) [4].
On the sec  ond  ary side, wa  ter en  ters the he  li  cal
tubes on top of the HP-bun  dle. The wa  ter flow is
down  wards. First, the wa  ter will be pre  heated in the
economizer, then evap  o  rated and at last super  heated
be fore  leav ing  the  steam  gen er a tor.
The HP-bun  dles of the steam gen  er  a  tor con  sist
of 80 tubes di  vided in 15 tube cyl  in  ders. Each tube of
the same tube cyl in der has an iden ti cal ge om e try, e. g.,
length and in cli na tion. Tubes of ad ja cent cyl in ders are
coiled in the op  po  site di  rec  tion. The main geo  met  ric
data  of  the  two  high pres  sure bun  dles are given in
tab. 1.
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Fig  ure 1. THTR-300
1 – pre-stressed con  crete re  ac  tor ves  sel (PCRV), 2 – the
re ac tor core, 3 – ce  ramic core struc tures, 4 – ab sorber rods,
5 – the steam gen  er  a  tors, 6 – the he  lium circulators
Fig  ure 2. Steam gen  er  a  tor cutaway view
1 – outer clo  sure, 2 – in  ner clo  sure, 3 –  RH steam out  let,
4 – ex  pan  sion com  pen  sa  tion zone, 5 –  HP steam out  let,
6 –  PCRV pen  e  tra  tion, 7 –  RH steam in  let, 8 –  feed-wa  ter
in let, 9 –  cen tral tube, 10 – he lium out let, 11 – HP-I-bun dle,
12 –  outer shroud, 13 –  HP-II-bun  dle, 14 –  RH-bun  dle,
15 – he  lium in  letIn the five col  umns the tube cyl  in  der No. is
given; D is the mean di  am  e  ter of the cyl  in  der, l the
length of the tube and e  the in cli na tion an gle.  Fig ure  3
shows the he  lix of one high pres  sure bun  dle dur  ing
man  u  fac  tur  ing with a to  tal height of around 4 m.
TRACE – model
TRACE  is  a  best-es ti mate  ther mal-hy drau lic  re -
ac  tor sys  tem code which is be  ing de  vel  oped by the
U.S.  Nu clear  Reg u la tory  Com mis sion  (NRC).  The
TRACE  code  in cludes  mod els  like  mul ti di men sional
two-phase flow, gen  er  al  ized heat trans  fer, heat con  -
duc tion,  no-nequilibrium  ther mo dy nam ics,  level
track ing, reflood, and re ac tor ki netic mod els. The code 
ar chi tec ture is com pletely mod u lar [5]. TRACE is still
un der de vel op ment. TRACE Ver sion 5 Patch 1 (T5P1) 
is used.
Cre  at  ing the model in TRACE is a cru  cial step.
On the one hand the model has to be as ex  act as pos  si  -
ble; on the other hand sim  pli  fi  ca  tions have to be done
due to geo  met  ric lim  i  ta  tions of the code. A 3-di  men  -
sional he  lix can  not be mod  eled in TRACE. 
Sym bolic  nu clear  anal y sis  package
The TRACE model is be  ing cre  ated with the
sym bolic  nu clear  anal y sis  pack age  (SNAP)  ver sion
1.2.0. SNAP is a graph i cal user en vi ron ment de signed
to as  sist the NRC code user in all as  pects of in  put
model  de vel op ment  [6].
Model  de scrip tion
Within the scope of the de  vel  op  ment of a
TRACE model for tran  sient cal  cu  la  tions this study is
done for the val  i  da  tion of TRACE for he  lium cooled
high tem per a ture re ac tors. Due to the dif fer ent ge om e -
try of the HP-bun  dles and the RH-bun  dle, just the HP
bun dles are in ves  ti gated and the RH-bun  dle as well as
the con  nect  ing tubes are not con  sid  ered in this study.
The op er at  ing con  di tion is full load and the ther -
mal-hy drau lic  pa ram e ters  and  bound ary  con di tions of
the model are shown in tab. 2.
There are 80 he li cal tubes at 15 tube cyl  in  ders in
one steam gen  er  a  tor. In this TRACE model, the he  lix
is sim pli fied to an  gu lar tubes. Fig  ure 4 shows the sim -
pli fi ca tion  prin ci ple  of  he li cal  tubes.  The  he lix  is  un -
wound to a straight tube un  der a spec  i  fied an  gle.
Fig ure  5  il lus trates  the  mod el ing  prin ci ple.  The
TRACE model con  sists of a wa  ter FILL com  po  nent
(1), a he  li  cal tube (2), and the steam BREAK com  po  -
nent (3) on the left side. In the mid  dle is the HEAT
STRUC  TURE com  po  nent (4), and on the right side
are He  lium FILL (5), shell tube (6), and He  lium
BREAK (7) com  po  nent.
 The TRACE Model which was used for the cal  -
cu  la  tions con  sists of 4 groups of tube cyl  in  ders with
the same amount of par  al  lel tubes for the wa  ter/steam
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Ta  ble 1. Geo  met  ric data of THTR-300 SG bun  dle
No. D [mm] Par al lel l [m] e [°]
1 858.3 4 155.3 3.06
2 935.0 4 169.2 2.81
3 1011.7 4 182.9 2.60
4 1088.3 4 196.7 2.41
5 1165.0 4 199.5 2.38
6 1241.7 5 190.2 2.50
7 1318.3 5 190.7 2.49
8 1395.0 5 191.2 2.48
9 1471.7 6 187.8 2.53
10 1548.3 6 186.6 2.55
11 1625.0 6 195.9 2.42
12 1701.7 6 194.3 2.44
13 1778.3 7 194.5 2.44
14 1855.0 7 191.7 2.48
15 1931.7 7 199.5 2.38
Fig ure  3.  Man u fac tur ing  of  THTR-300  steam  gen er a tor
he lix  bun dle
Ta ble  2.  Ther mal-hy drau lic  con di tions  [4,  7]
uHe
He lium  in let  tem per a ture
(HP-bun dle) 667 °C
& mhe He  lium mass flow 50 kg/s
pHe He lium  out let  pres sure 3.81 MPa
uH2O Wa ter  in let  tem per a ture 180 °C
& mH2O Wa  ter mass flow 41 kg/s
pH2O Steam out  let pres  sure 19.6 MPaside and a shell tube for the he  lium side. Pri  mary and
sec  ond  ary sides are con  nected by HEAT STRUC  -
TURES. FILL and BREAK com  po  nents are used to
ap  ply the de  sired cool  ant-flow and pres  sure bound  ary
con  di  tions. The model is shown in fig. 6. The
discretization anal  y  sis is done for 25, 50, 100, 200,
300, and 400 nodes of each tube with re  spec  tive av  er  -
age node length of 7.6 m, 3.8 m, 1.9 m, 1.0 m, 0.6 m,
and 0.5m for a to  tal av  er  age tube length of 190.6 m.
VAL I DA TION  AND  EVAL U A TION  OF
APPROPIATE  NU-COR RE LA TIONS
In this chap  ter the in  ves  ti  gated Nusselt num  bers
are de  scribed and the re  sults are com  pared to ex  per  i  -
men tal  data.
Heat  trans fer  cor re la tions
In the stan  dard TRACE code the fol  low  ing
Nusselt num  ber is im  ple  mented
Nu c
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This equa  tion is valid for Reynolds num  bers
higher than 1000 and Prandtl num  bers higher than
0.15 [8].
The anal y  sis of the discretization of the TRACE
model is also done with a mod i fied TRACE code. The
mod  i  fi  ca  tion of the code is done in the pri  mary side
(He lium side) heat trans fer cor re la tion. The sec ond ary
side (Wa ter/Steam side) heat trans fer cor re la tions have 
not been mod  i  fied. These in  ter  fa  cial heat trans  fer co  -
ef fi cients are de pend ent upon the flow re gime se lected 
by the code [2].
The in ves ti gated Nusselt num ber was de vel oped 
within the past Ger  man HTR pro  gram. The va  lid  ity
ex  tend was not writ  ten down in avail  able re  ports [4].
In a fur  ther study com  par  ing the re  sults of 6 Nusselt
num bers for the pri mary side of HTR steam gen er a tors 
Nu4V is giv ing most ac cu rate re sults [9]. This Nusselt
num  ber is given by eq. 3
Nu V4 a =01135
0 714 3 . ( Re) Pr
. f (3)
with a flow fac  tor fa tak  ing into ac  count the he  lix ge  -
om  e  try of the heat trans  fer bun  dles
f
x
x
x
x
L
T
a
T
T
=
-
+ -
=
1
1
16
1
0927
2
2
. (4)
where xL  is  the  non-di men sional  lon gi tu di nal  pitch/d
and  xT – the.non-di men sional  transversal  pitch/d.
RE SULTS
Fig  ure 7 shows the ax  ial tem  per  a  ture pro  file of
the stan  dard TRACE code (T5P1) with a discretization
of 300 nodes. The he  lium in  let tem  per  a  ture is 667 °C
and its out  let tem  per  a  ture is 293 °C. The wa  ter in  let
tem  per  a  ture is 180 °C and the steam out  let tem  per  a  ture
is 554 °C. 60% of the heat  ing sur  face is used for pre  -
heat  ing the wa  ter. Evap  o  ra  tion takes place be  tween ab -
scis sas 60% and 75% of the heat ing sur face fol lowed by 
the  super heat ing  sec tion.
For the in  ves  ti  ga  tion of the in  flu  ence of the
discretization  the  tem per a ture  dif fer ence  is  ap plied  to
a ref  er  ence value. This ref  er  ence value is the cal  cu  -
lated tem  per  a  ture in de  gree Kel  vin of the fin  est
discretization (400 nodes)
Du
u u
u
He
He He
He
=
-
xnodes nodes
nodes
400
400 (5)
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Fig ure  4.  Sim pli fi ca tion  prin ci ple  of  he li cal  tube
Figure 5. Sim  pli  fied TRACE modelDu
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The ef  fect of the discretization is shown in fig. 8
and fig. 9 for the stan dard TRACE Code and in fig. 10
and fig. 11 for the mod i fied TRACE Code The nor mal -
ized  he lium  tem per a ture  dif fer ences  com pared  to  the
fin  est discretization of 400 nodes are up to –2.2 % for
the stan  dard TRACE code and up to –2.6 % for the
mod  i  fied TRACE code. The nor  mal  ized wa  ter/steam
tem per a ture  dif fer ences  com pared  to  the  fin est
discretization of 400 nodes rise from 0.9% to –2.6 for
the stan  dard TRACE code and from 0.9 % to –3.3 %
for the mod  i  fied TRACE code.
The  max i mum  tem per a ture  dis crep ancy  can  be
ob  served in the phase change re  gion. For the he  lium
tem per a ture dif fer ences there are two peaks, one at the
start  ing point of evap  o  ra  tion and one at the end point.
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Fig  ure 6. Trace model of THTR-300 steam gen  er  a  tor
Fig ure  7.  Ax ial  tem per a ture  pro file  of  stan dard
TRACE code
Fig ure  8.  De vi a tion  of  he lium  tem per a ture  from  the
re  sults of the fin  est discretization model (400 nodes)
plot ted  vs. the heat  ing sur  face for the stan  dard
TRACE code
Fig ure  9.  De vi a tion  of  wa ter/steam  tem per a ture  from  re -
sults of fin  est discretization model (400 nodes) plot  ted vs.
the heat  ing sur  face for the stan  dard TRACE codeFor the wa  ter/steam side at the end re  gion of evap  o  ra  -
tion first the nor mal ized tem per a ture dif fer ences cross
the  x-axis to pos  i  tive val  ues and then to neg  a  tive dif  -
fer ences.
One of the THTR-300 steam gen  er  a  tors was in  -
stru mented  with  thermocouples.  These  ex per i men tal
data can be used for val  i  da  tion. The mea  sured steam
out let  tem per a ture  data  were  an a lyzed  and  eval u ated.
For full load of the steam gen er a tor an av er age value of 
563 °C was iden  ti  fied [7] but there is no ex  per  i  men  tal
data avail  able for the he  lium out  let tem  per  a  ture at the
top of the high pres sure bun dle. For com par i son, a pre -
vi ous cal cu la tion re sult will be used. The he lium out let 
tem  per  a  ture should be 245 °C [10]. This is in agree  -
ment with the mea  sured he  lium tem  per  a  ture of the
blower in  let where 248 °C are mea  sured [7].  
In fact, the the  o  ret  i  cal de  sign data did not match
the ex  per  i  men  tal data ex  actly. The de  sign data of
trans  ferred power of the HP-bun  dles is 111 MW. Due
to  the  mea sured  tem per a tures  an  ex per i men tal  power
of 109 MW was cal  cu  lated by us  ing the equa  tion
P c m T = p_He He He & D (7)
with cp = 5195 J/kgK [11] and & m = 50.0 kg/s [4] for he -
lium.
The TRACE ver  sion with the stan  dard Nusselt
num  ber has the low  est heat trans  fer. It cal  cu  lates the
high est  he lium  out let  tem per a ture  and  the  low est
steam out  let tem  per  a  ture. The TRACE ver  sion with
the V4 Nusselt num ber shows the high est heat trans fer
with re  spect to the low  est he  lium out  let tem  per  a  ture
and the high  est steam out  let tem  per  a  ture. Ta  ble 3
shows the re  sults of the TRACE cal  cu  la  tions for the
dif fer ent discretization com pared to ex per i men tal data 
of power, he  lium and steam out  let tem  per  a  tures as
well as the he  lium and steam pres  sure drops.
The equa  tion for es  ti  mat  ing the er  ror of heat
trans fer  is
Error
P P
P
=
-
×
calculation experiment
experiment
100% (8)
TRACE  un der es ti mates  the  out let  tem per a ture,
the tem  per  a  ture dif  fer  ence and the power, re  spec  -
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Ta  ble 3. TRACE re  sults with in  put data of tab. 2; helium mass flow = 50 kg/s, helium inlet temperature = 667 °C, water
mass flow = 41 kg/s, and water inlet temperature = 180 °C
Discretization Transferred power He lium  out let  temp. He lium  pres sure  drop Steam-out let  temp. Wa ter  pres sure  drop
(nodes) [MW] [°C] [MPa] [°C] [MPa]
Ex per i ment 109.61 245 3.8×10
–2 563 2.02
T5P1
25 96.13 296.9 3.8×10
–2 543.4 1.83
50 97.22 292.7 3.8×10
–2 553.6 1.94
100 97.89 290.1 3.9×10
–2 560.2 1.96
200 98.23 288.8 3.9×10
–2 563.6 1.98
300 98.36 288.3 3.9×10
–2 564.9 1.98
400 98.42 288.1 3.9×10
–2 565.6 1.98
V4
25 98.14 289.1 3.8×10
–2 562.6 1.91
50 99.40 284.3 3.8×10
–2 574.8 2.02
100 100.06 281.8 3.9×10
–2 581.5 2.04
200 100.41 280.4 3.9×10
–2 585.2 2.05
300 100.54 279.9 3.8×10
–2 586.1 2.06
400 100.60 279.7 3.8×10
–2 586.9 2.06
Fig ure  10.  De vi a tion  of  he lium  tem per a ture  from  the
re  sults of the fin  est discretization model (400 nodes)
plot ted  vs. the heat  ing sur  face for the mod  i  fied
TRACE code
Fig ure  11.  De vi a tion  of  wa ter/steam  tem per a ture  from
re  sults of fin  est discretization model (400 nodes) plot  ted
vs. the heat  ing sur  face for the mod  i  fied TRACE codetively. The er  ror of the power cal  cu  la  tions is be  tween
–12.3 % and –10.2 % for the dif fer ent discretization of
the stan  dard TRACE code and be  tween –10.5 % and
–8.2 % for the mod  i  fied TRACE code. Fig  ure 12
shows the re  sults of the er  ror cal  cu  la  tion.
The rea son for the un der es ti ma tion of out let tem -
per a ture,  tem per a ture  dif fer ence  and  power  is  the  use
of  em pir i cal  cor re la tions  for  flow  re gime  mod els  with
an er  ror of up to ±20% (Kataoka and Ishii) in TRACE
for the sec  ond  ary side (Wa  ter/Steam) [2, 12].
How  ever, the TRACE ver  sion with stan  dard
Nusselt num  ber reaches the worst re  sults with an ap  -
prox  i  mate er  ror value of –10% but the best re  sults are
reached by TRACE ver  sion with the im  ple  mented
Nusselt num  ber V4 with an ap  prox  i  mate value of
–8%. The dif  fer  ences of the er  ror cal  cu  la  tion of 300
nodes com  pared to 400 nodes is for both TRACE ver  -
sions  –0.05%.  Con sid er ing  the  cal cu lat ing  time,
which rises with a finer discretization (fig. 13), an ad e -
quate choice tak  ing into ac  count both as  pects is found
for 300 nodes.
SUM  MARY AND OUT  LOOK
TRACE is an ef fi cient tool for ther mal-hy drau lic 
cal  cu  la  tions. This study shows that it can also be used
for  mod el ing  he li cal  coil  steam  gen er a tors  for  high
tem per a ture  gas-cooled  re ac tors  and  gives  an  es ti ma -
tion of an ac  cu  rate discretization. The stan  dard
Nusselt num  ber of TRACE does not reach as good re  -
sults as the mod i fied Nusselt num ber for he li cal tubes. 
An op ti mum for the discretization and the cal cu -
la  tion time is found for 300 nodes.
The next step is to mod  ify the TRACE model to
in ves ti gate  the  tem per a ture  pro file  un der  tran sient
con  di  tions. The re  sults of TRACE can be used for a
stress anal y sis in which fa tigue and life time have to be
an a lyzed.
AU THOR  CONTRIBUTIONS
The o ret i cal  anal y sis  was  car ried  out  by  M.
Esch. The manu  script was writ  ten by M. Esch, D.
Knoche, and A. Hurtado. Fig  ures 1-3 have been pre  -
vi  ously pub  lished in sev  eral publications by the for  -
mer Hochtemperatur-Reaktorbau GmbH (HRB),
where by West  ing  house Elec  tric Ger  many GmbH is
the le  gal suc  ces  sor of HRB. These fig  ures have been
mod  i  fied and adapted by M. Esch. All other fig  ures
were pre  pared and cre  ated just by M. Esch.
No men cla ture
D – di am e ter  of  tube  cyl in der
d – di am e ter  of  tube
Exp. – ex per i men tal
fa – flow fac  tor
l – tube length
Nu – Nusselt num  ber
No. – num  ber of tube cyl  in  der
P – power
Pr – Prandtl num  ber
Re – Reynolds num  ber
sL – lon gi tu di nal  pitch
T – tem per a ture
t – num  ber of turns
xL – non-di men sional  lon gi tu di nal  pitch/d
xT – non-di men sional  transversal  pitch/d
Greek sym  bols
e – in cli na tion  an gle
u – nor mal ized  tem per a ture
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Markus E[, Ditrih KNOHE, Antonio HURTADO
NUMERI^KA  DISKRETIZACIONA  ANALIZA  MODELA  HTR
PAROGENERATORA  U  TERMOHIDRAULI^KOM  PROGRAMU  TRACE
Za budu}e projekte visokotemperaturnih reaktora, za potrebe proizvodwe elektri~ne
energije ili grejawa, parogenerator je kriti~na komponenta. Uobi~ajeno re{ewe je parogenerator 
sa heli~nim namotajima koji se sastoji od nekoliko paralelno vezanih cevi koje formiraju
cilindre razli~itih pre~nika. Ovakav tip parogeneratora koristi se kod torijumskih
visokotemperaturnih reaktora. U ovom radu, temperaturni profil analiziran je primenom
nodalnog termohidrauli~kog koda TRACE za parogenerator torijumskog visokotemperaturnog
reaktora. Uticaj nodalne analize ispitivan je u okviru ovog rada i pore|en sa eksperimentalnim
rezultatima iz pro{losti. Rezultati standardnog koda TRACE upore|eni su sa rezultatima
dobijenim modifikovanim Nuseltovim  brojem za primarnu stranu. Primewena korelacija za
prenos toplote razvijena je u okviru ranijeg nema~kog HTR programa. Ovaj rad pokazuje da su obe
verzije koda TRACE stabilne i da omogu}avaju razmatrawe zahteva koji se postavqaju pri primeni
nodova.
Kqu~ne re~i: numeri~ka analiza stabilnosti, TRACE, parogenerator